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Abstract:

Introduction: use of sweetener natural or artificial is widely used and appeared to harm
the structure of the cerebellar cortex

Aim of the work: compare the effect of aspartame and stevia on the Purkinje cells of the
cerebellar cortex of albino rats.

Material and methods: A total of 30 adult male albino rats were used animals were
divided into

Group | (Control): received distilled water, Group Il (ASP treated): which received
aspartame (ASP), which is given at a daily dose of 250 mg/kg dissolved in distilled water
for 4 weeks.

Group 11 (stevia treated): This received Stevia at a daily dose of 250mg/kg given orally
by intragastric tube for 4 weeks. The rats' offspring from each of the groups were
randomly selected, sacrificed then their skulls were opened, and their cerebellar tissues
were taken for transmission electron microscope study.

Result: aspartame affected the Purkinje cells where it becomes a shrunken loss of its
piriform appearance also in the stevia-treated group, the Purkinje cells lost their piriform
shape with ill define cytoplasm and nuclei while Some Purkinje cells appeared normal.
Conclusion: Sativoside and aspartame appeared to harm the structure of the Purkinje
cells of the cerebellar cortex.
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Introduction:

The cerebellum is formed of two hemis- to the movement and is important in
pheres attached by the vermis, a narrow motor learning and reflex modificat-
midline area; it consists of white matter ion. [2]

and grey matter located on the surface of The cerebellar layer has a different arra-
the cerebellum and tightly folded, formi- ngement compared to another part of the
ng the cerebellar cortex. (1] central nervous system where Grey mat-
Its functions are to coordinate sensory to ter forms the cortex following all its fiss-
motor areas of the brain, and to coordi- ures, while white matter forms the core.
nate movement. It provides corrections Internal masses of grey matter also exist

to form deep cerebellar nuclei. [

93



SOHAG MEDICAL JOURNAL
Vol. 25 No. 2 April 2021

Comparative study between the effect of aspartame and stevia on the

Asmaa S. Bassit

Aspartame (L-aspartyl-L-phenylalanine
methyl ester), a low-calorie, is sweeter
about 180 times than normal sugar and is
used in a lot of foods and beverages in
the market, it is used in diabetic individ-
uals and the weight loss regime. !

Many researchers suggested neurologi-
cal and behavioral adverse effects due to
aspartame’s metabolic components {ph-
enylalanine, aspartic acid (aspartate),
and methanol} which are produced dur-
ing its breakdown.™ Phenylalanine
passes the blood-brain barrier and leads
to severe changes in the production of
very important neurotransmitters. 4l
Stevia, nature's sweetener belongs to the
Asteraceae group, stevia is also known
as sweet leaf, honey leaf, sweet herb. [°]
Stevia is characterized by the presence
of glycosides: Rebaudioside A, Rebaudi-
oside C, stevioside, and glucoside in its
leaf tissue, stevioside, a white crystalline
compound isolated from stevia are 100
to 300 times sweeter than table sugar. [

Stevioside harms the structure of the
cerebellar cortex of the albino rat where
it causes a change in the Purkinje and
granular cells and empty neuropils
around the Purkinje cells. ["]

Aim of the work:

Studying the role of aspartame and stev-
ia in the Purkinje cells of the cerebellar
cortex of albino rats by using the electro-
n microscope.

Material and methods:

A total of 30 adult male albino rats the-
ir weight range from 200-2509 were use-
d, the animals were brought from the
animal house of the Assiut faculty of
medicine, they were reared under the sta-
ndard conditions of feeding, light-dark
ratio, and temperature, in Sohag faculty
of medicine animal house.
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The animals were divided according
to experimental study design into thr-
ee groups with ten animals in each:
Group | (Control Group): received
distilled water.

Group Il (ASP  Group): received
aspartame (ASP), which is given at a
daily dose of 250 mg/kg liquefied in dis-
tilled water and given orally to the
animals by gastric tube for 4 weeks, acc-
ording to. &

Aspartame tablets, each one containing
20 mg, were obtained from Al-America
Pharma Company

Group I (stevia Group): which taken
Stevia obtained from spice dealer is giv-
en at a daily dose of 250mg/kg given or-
ally by gastric tube for 4 weeks.

The preparation of the extract by boiling
25¢ of stevia leaf powder in 500ml water
for one and a half hours till reduced to
150 ml. according to. [

Methods:

The rat's offspring from each group were
randomly selected, sacrificed by intram-
uscular IM injection of a mixture of Ket-
amine (90 mg/kg body weight) and Xyl-
azine (10 mg/kg body weight) then their
skulls were opened, and their cerebellar
tissues were taken for transmission elect-
ron microscope study. Ultrastructural st-
udies of the Purkinje cells of the cer-
ebellar cortex were prepared for ultrathin
sections stained with uranyl acetate, lead
citrate, examined, and photographed by
Jeol-JEM-100 CXII electron microsco-

Py.

Morphometric and statistical analysis
Its animal research study in which we
estimated the diameter of Purkinje cells
nuclei was done by using (digitizer vers-
ion 3.7.2005-2010) Medical software in
the anatomy department at Sohag Unive-
rsity. Statistical analysis of the data usi-
ng spss software version 16. a variable
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was interpreted by (mean xstandard dev-
iation of the mean) independent t-test to
compare the mean of the variable betw-
een different groups. Finally, the signifi-
cance was noticed according to the level
of significance (P-value)

Results:

1-In control group:

The Purkinje cells appeared large, havi-
ng a piriform "flask shape.

The nuclei appeared relatively large and
nearly filling the cell bodies. They were
vesicular and contain few chromatin gra-
nules mostly peripheral in position. Most
nuclei contained one or more dark well
distinct nucleoli. (figurel).

It has a large cell with a euchromatic nu-
cleus with prominent nucleolus surroun-
ded by a thin rim of cytoplasm. Mitocho-
ndria appeared with intact crystals, free
ribosome, and rough endoplasmic retina-
culum were observed. (figure2).

2-Aspartame treated group:

Purkinje cells appeared shrunken losing
their piriform shape with ill-defined cyt-
oplasm and some cells appeared deeply
stained and also an area of degenerated
cell appeared (figure3).

The nucleus appeared large with less co-
ndensed chromatin. The cytoplasm cont-
ained many inclusion bodies, there were
dilated Rough endoplasmic retinaculum
(RER) and scattered destructed mitoch-
ondria. (figure4)

Another cell appeared shrunken with el-
ectron-dense nuclei, ill define nuclear
membrane and cell organelles. (figureb).

3-Stevia treated group:

Purkinje cells lost their piriform shape
with ill define cytoplasm and ill-defined
nuclei. Some Purkinje cells appeared no-
rmal with flask shape other were shrun-
ken deeply stained with pyknotic nuclei.
(figureo).
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The cell had an eccentric nucleus with
condensed chromatin and prominent nu-
cleolus, the cytoplasm contains scattered
mitochondria with destructed cristae, ro-
ugh endoplasmic retinaculum.

Other cells were severely shrunken with
electron-dense nuclei and non-defined
nuclear membrane and cell organelles.
(figure7).

bellar cortex of the control group showing
molecular layer (M). Purkinje cells (p) ap-
pear with a large central vesicular nuc-
leus(N).

Toluidine blue, x 1000.

O TR
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Figure (2): An electron micrograph of cont-
rol group showing Purkinje cell with nucleus
(N) has well-defined nuclear border(arrow)
with eccentric nucleolus (n), the cytoplasm
with well-defined organelles and Mitoch-
ondria (m) with preserved cristae, Rough en-
doplasmic reticulum (RER), and free ribo-
somes

x8000
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Flgure (3) A semi-thin section of the cereb-
ellar cortex of the aspartame treated group
shows a molecular layer(M) with empty spa-
ces (irregular row). Purkinje cells(p) appear
small than control with ill define cytoplasm
small size condensed nucleus (n), there is a
cell with loss of nucleus (arrow) area of deg-
enerated cell also appeared as empty spaces.
Toluidine blue x 1000.

Figure (4) An electron mlcrograph of aspa-
rtame treated group showing a Purkinje cell
with ill-defined nucleus(N) less condensed
chromatin with the irregular thin cell mem-
brane (long arrow), surrounded by cytop-
lasm contain mitochondria with destructed
cristae (m). Dilated rough endoplasmic reti-
naculum (REr) x8000.

§ &
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Figure (5): An electron micrograph of asp-
artame treated group showing shrunken
Purkinje cell with Electron dense nucleus(N)
with ill define nuclear envelope and cell org-
anelles. x4000

Flgure (6) A semlthln section of the cere—
bellar cortex of stevia treated group showing
no apparent change in molecular cell layer
(M), Purkinje cells (p) with an ill-defined
nucleus and deeply stained cytoplasm, area
of shrunken cell with deeply stained pykn-
otic nuclei (arrowhead), also, there normal
Purkinje cell appears with a well-defined
nucleus (n).

Toluidine blue x1000

I

[T T

Figure (7): An electron m|crograph of stev-
ia treated group showing Purkinje cells with
large, indented nuclei(N), prominent nucle-
olus (n), and condensed chromatin surro-
unded by the irregular ill-defined nuclear
envelope(arrow). the cytoplasm contains
scattered mitochondria (M) with destructed
cristae (m), rough endoplasmic retinaculum
(RER). organelles. x4000.
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Morphometric and statistical study:

e The mean value of Purkinje cell
nuclear diameter in the aspartame
treated group was  (116um).
significantly  decrease  (P<0.00l)
compared to the control group.

e The mean value of Purkinje cell
nuclear diameter in the stevia-treated
group was (99, 11um). significantly
decrease (P<0.001) compared to the
control group.

Table (1): showing the mean valuex standard deviation of the Purkinje cell diameter in

both control and treated groups.

Control | Aspartame treated group Stevia treated
group group
Purkinje cell diameter 170£35.4 | 116+42(***) 99+20.9(***)

Ns— (non-significant)
P<0.05 (*) — Significant difference.
P<0.01 (**) — High significant difference.

P<0.001 (***) — Very high significant difference

200 00—

150 .00

100 0=

Mean purkinjedia

S0 00—

T
control

T
ompart e

group

T
stewvia

Histogram (1): showing the diameter of Purkinje cells of the control and treated groups.

Discussion:

The simple construction of the cerebellar
cortex provides favorable conditions for
studying neurogenesis and morphogen-
nesis. Its neurons as Purkinje cells and
granule cells are the most important targ-
ets in the cerebellum for toxic substa-
nces. 19

Aspartame (ASP) is the most frequently
used sweetener. Once entering the body,
ASP hydrolyzed to form phenylalanine,
aspartic acid, and methanol. It produces
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different neurological and behavioral sy-
mptoms. 4]

Stevia sweetener has beneficial effects
on human health, including antihypert-
ensive, ant hyperglycemic, antioxidant,
ant cariogenic, and anti-human rotavirus
activities. (11

In the present study, aspartame-treated a-
nimals showed that the Purkinje cells
appeared shrunken losing their piriform
shape. The nucleus appeared small with
less condensed chromatin. The cytoplas-
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m contained many inclusion bodies, dila-
ted rough endoplasmic reticulum, and
destructed mitochondria.

These results were in acceptance with A-
bdul-Hamid and Gallery 12 that sho-
wed in aspartame treated animals that P-
urkinje cells appeared shrunken small si-
ze with deeply stained cytoplasm.

Eluwa 131 reported that diet soda which
contains aspartame caused shrunken and
degenerated Purkinje cells of the cerebe-
llum and hypertrophy of the molecular
layer.

Also, A beer I found in aspartame tr-
eated animals that Purkinje cells appe-
ared with small nuclei and condensed
chromatin. Some mitochondria appeared
with destructed cristae. Granular cells
appeared small in size.

In the present study cerebellum of ste-
via-treated animals revealed that Some
Purkinje cells appeared normal with flas-
k shape other Purkinje cells lost their pi-
riform shape with ill define cytoplasm
and ill-defined nuclei with shrunken dee-
ply stained pyknotic nuclei, and scat-
ered mitochondria with destructed cris-
tae, rough endoplasmic reticulum.

This result agrees with Nashwa Moha-
med [l who found that in the stevia
treated group, Purkinje cells had ire-
gular cell bodies associated with electro-
n-dense cytoplasm, and nuclei were obs-
erved. Some mitochondria had destroyed
the cristae.

Also, Heba M [Mlstated that fluoride
treatment can affect the cerebellar cortex
leading to shrunken Purkinje cells, incre-
ased the folding of the nuclear envelope,
mitochondrial alterations, dilated rough
endoplasmic reticulum cisternae, and cl-
usters of vesicles near the Golgi bodies
were observed.

Conclusion:

Stevia and aspartame appeared to harm
the structure of the Purkinje cells of the
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cerebellar cortex, where Purkinje cells
appeared shrunken with loss of their
piriform shape, and some cells were des-
tructed.
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